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ABSTRACT 


While eyelid conditioning experiments with normal human sub- 
jects suggest that partial reinforcement results in a lower asymptotic 
level of performance in acquisition and a slower rate of extinction, it 
is difficult to form a general conclusion for the infrahumans. The 
following experiments on the classically conditioned eyelid response 
of the rabbit were designed to: determine whether or not partial re- 
inforcement results in a lower asymptotic acquisition level when groups 
are equated for total number of trials or total number of reinforce- 
ments; demonstrate a partial reinforcement extinction effect with near 
asymptotic levels of conditioning and to show that with extensive or 
differential overtraining the partial reinforcement extinction effect 
decreased or disappeared; and test whether within limits the length 
of the nonreinforced trial runs is a more critical determinant of re- 
sistance to extinction than percentage of reinforcement. 

The first experiment showed that a continuous reinforcement 
group performed at a significantly higher level than a 50 percent re- 
inforcement group Ben Bonn groups received 100 acquisition trials. 

The partial reinforcement group was also found to be more resistant to 
extinction than the continuous reinforcement group confirming the 
partial reinforcement extinction effect in the rabbit. 

The second experiment found that the addition of 100 more 
acquisition trials resulted in no significant difference in asymptotic 
acquisition levels for trials 101 to 200 for a continuous reinforcement 


group and a 50 percent reinforcement group. The second experiment 
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failed to find a significant treatments effect in extinction showing 
the detrimental effect of overtraining. 

In addition, analysis of variance of the reinforced trials 
for the continuous reinforcement group which received 100 trials (first 
experiment) and the 50 percent partial reinforcement group which re- 
ceived 200 trials (second experiment) failed to find a significant dif- 
ference in acquisition level. However a partial reinforcement extinc- 
tion effect was again found in extinction. 

The third experiment found: no significant differences in the 
acquisition levels for the three partial reinforcement groups; with the 
length of the nonreinforced trial runs equated, a 75 percent partial 
reinforcement group did not differ in resistance to extinction from a 
50 percent partial reinforcement group; and a partial reinforcement 
group with the lengths of the nonreinforced trial runs equal to five, 
ten and ten, was found to be significantly more resistant to extinc-— 
tion than the partial reinforcement groups with the length of the non- 
reinforced trial runs equal to five. A comparison of the 50 percent 
partial reinforcement group in this experiment and the 50 percent 
partial reinforcement group in the first experiment showed the group 
with the length of the nonreinforced trial runs twice as long to be 
more resistant to extinction. These findings suggest that within 
limits, the length of the nonreinforced trial runs is a more critical 
variable than percentage of reinforcement. 

The results were discussed in terms of discrimination and atten- 
tion theories of partial reinforcement. The importance of sequential 


variables to the partial reinforcement extinction effect was stressed. 
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CHAPTER I 


INTRODUCTION 


In the study of learning psychologists have systematically in- 
vestigated the effect of a number of reinforcement variables. Their 
use of resistance to extinction as a measure of response strength has 
shown the importance of the difference between continuous and partial 
reinforcement. The practical and theoretical significance of partial 
reinforcement is demonstrated in everyday life and by the approximately 
140 articles reviewed between 1939 and 1960 by Jenkins and Stanley 
(1950) and Lewis (1960). 

While it is obvious that there has been considerable work most 
of it has been in instrumental conditioning. As Spence (1966) pointed 
out, in sharp contrast to the recent developments in instrumental con- 
ditioning there has been little advance in the knowledge of experimental 
extinction in classical conditioning. In the last few years this divi- 
sion has continued to widen. Consequently it is not known to what extent 
relevant variables and laws of extinction discovered in instrumental 
situations are applicable to classical conditioning. The question is, 
are explanations of partial reinforcement extinction effects general 
enough to encompass both instrumental and classical conditioning pheno- 
mena. 

A comprehensive theoretical treatment of partial reinforcement 
must account for several facts in classical conditioning, namely more 


rapid acquisition and higher levels of performance with continuous 
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reinforcement and greater resistance to extinction following partial 
reinforcement. Also it must account for the apparent failure to find 
these phenomena in some of the infrahuman species tested (Spence, 1966). 

Traditionally the explanations of partial reinforcement pheno- 
mena have fallen into two categories; those based on stimulus-response 
learning theory and its deductions, and those which refer to cognitive 
processes and the acquisition of expectations and hypotheses (Jenkins 
and Stanley, 1950). Lewis (1960) lists six essentially different 
theories all of which are viable explanations of discrete trial partial 
reinforcement phenomena although they have been criticized for the lack 
of rigorous definition, lack of generality and anthropomorphism. 

The two previous reviews (Jenkins and Stanley, 1950; Lewis, 
1960) and the following review of the infrahuman classical conditioning 
literature by the author have shown many inconsistencies. In fact, 
Lewis at the end of his review felt that he was as far from an explana- 
tion of the phenomena as when he had started. Most of the reviewed 
studies support a generalized discrimination hypothesis. That is, be- 
cause of the greater overall stimulus change between continuous rein- 
forcement in acquisition and extinction, the greater will be the generali- 
zation decrement and therefore the greater the loss in conditioned re- 
sponse strength during extinction (Gormezano and Moore, 1969). However, 
in their concern with theory testing few have tried to identify the 
variables that determine similarity between acquisition and extinction. 
The importance of which is stressed by the statement, "Once lawful 


relationships are obtained between similarity variables and behavior, 
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any controversy over whether the discrimination theory is a perceptual 
one, or refers to something going on in the rat's mind is superfluous." 


(Lewis, 1960 page 17). 


In an attempt to organize a large amount of information, the 
remainder of the introduction is divided into three parts; acquisition 
level, degree of training, and pattern of nonreinforcement. Each sec- 
tion deals with what was felt to be a critical variable in partial re- 
inforcement effects. The sections begin with a discussion of the effect 
of that variable followed by the pertinent literature review which led 
to the conclusions stated. This text is supplemented with a table 
(Table 1, Appendix A) which should be read with the text as each section 
presents only selected proportions of the studies with respect to the 
variable under consideration. The table also contains important infor- 
mation on the response, the response measure, and the parameters used 


which are not otherwise the concern of the review. 


Acquisition Level 


Eyelid conditioning experiments with normal human subjects sug- 
gest that partial reinforcement results in a lower asymptotic level of 
performance (Ross, 1959; Runquist, 1963). 

The comparative literature is somewhat divided on the question 
of asymptotic performance decrements under partial reinforcement. Table 
1 (Appendix A) lists the classical conditioning studies which contrast 
continuous and partial reinforcement. As the aim of most of the studies 
was to investigate the partial reinforcement extinction effect, acquisi- 


tion performance was often not graphed nor were the levels reached 
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reported in the text. However, Table 1 suggests that under the two 


schedules: 


Planaria. Planaria do not differ in acquisition level (Kimmel 


and Yaremko, 1966). 


Earthworms. Earthworms do not differ in acquisition level 


(Wyers, Peeke and Herz, 1964). 


Goldfish. Goldfish do exhibit a significant difference in 
acquisition level in seven of the ten experiments cited. A significant 
difference was found when conditioning and extinction days or pairs of 
conditioning and extinction days were alternated (Gonzales, Milstein 
and Bitterman, 1962 Experiments II and III). Gonzalez, Longo and Bit- 
terman's 1961 Experiment I found a significant difference when the un- 
conditioned stimulus was delayed as well as omitted in the partially 
reinforced groups. When a conditioned emotional response procedure was 
used, the partially reinforced group was found to require significantly 
more trials to criterion (Geller, 1964). Berger, Yarczower and Bitter- 
man's 1965 Experiment I found differences in acquisition level when a 
four minute intertrial interval was used for the continuous group but 
this was not the case for a shorter intertrial interval of two minutes. 
A significant difference was also found when the number of trials was 
equated for the two groups but not when the groups were equated for 
number of reinforcements (Berger, Yarczower and Bitterman, 1965 Experi- 
ment II). Lastly, Berger, Yarczower and Bitterman's 1965 Experiment IV 


found a significant difference in acquisition level when a variable 
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interstimulus interval was used for the continuously reinforced group. 
There was no difference in acquisition level when the partial reinforce- 
ment groups first received a number of continuously reinforced trials 
before partial reinforcement such as fifteen continuous reinforcements 
(Gonzalez, Milstein and Bitterman, 1962 Experiment I); sixty continuous 
reinforcements (Berger, Yarczower and Bitterman, 1965 Experiment III); 
and eighty continuous reinforcements (Gonzalez, Longo and Bitterman, 


1961 Experiment II). 


Mouthbreeders. Mouthbreeders do show a significant difference 
in acquisition level, even when the partially reinforced and continu- 
ously reinforced groups are equated for number of reinforcements and 
when the partially reinforced group received forty continuously rein- 


forced trials (Gonzalez, Eskin and Bitterman, 1963). 


Pigeon. It is difficult to form a conclusion for the pigeon 
as the two available studies give contradictory results. Longo, Mil- 
stein and Bitterman (1962, Experiment II) found that the continuous 
group attained a significantly higher asymptote. Slivka and Bitterman 
(1966) found no significant differences between groups. Whereas Longo 
et al's partially reinforced group received partial reinforcement from 
the beginning of acquisition Slivka and Bitterman's partially reinforced 
group received continuous reinforcement for the first forty-five trials. 
Therefore it is possible that pigeons do show a difference in acquisition 


level. 
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Rats. Rats do not differ in acquisition level (Fitzgerald, 
Vardaris and Brown, 1966; Wagner, Siegel and Fein, 1967 Experiment II; 
and Willis, 1969). (However, Brimer and Dockrill, 1966, using a con- 
ditioned emotional response procedure and groups equated for number of 
trials and number of reinforcements found that partially reinforced 


groups required significantly more trials to reach criterion.) 


Rabbits. With one exception, rabbits do show a significant dif- 
ference in acquisition level (Bruner, 1965 Experiments I and II; Leonard 
and Theios, 1967; and Holmes and Gormezano, 1970). An eyelid condition- 
ing study by Thomas and Wagner (1964) found that for the continuous and 
partial Peameanenniene groups (equated for number of reinforcements) 
there was no difference in acquisition level on the last ten trials. 
However, the partial reinforcement group required significantly more 
trials to reach the first conditioned response and to attain an eighty 


percent criterion. 


Dogs. Dogs do show a significant difference in acquisition 
level in four of the seven experiments cited (in two of these studies 
it took the form of a groups by trials interaction )(Fitzgerald, 1963; 
Wagner, Siegel, Thomas and Ellison, 1964; Sadler, 1968; and Fitzgerald, 
1966 Experiment I). Two of the experiments which reported no difference 
were heart-rate conditioning studies (Fitzgerald, Vardaris and Teyler, 
1966; and Fitzgerald, 1966 Experiment II). From the graphed results 
(see Appendix A) and the results of Fitzgerald, 1966 Experiment I the 


lack of difference in acquisition levels appears to occur when the 
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continuous and partial reinforcement groups are equated for number of 
reinforcements. An eyelid conditioning study by Vardaris and Fitzgerald, 
1969, in which the continuous and partial reinforcement groups received 
an equal number of trials (three hundred) failed to find a dice eee 

in acquisition level. However, as can be seen by the graph the continu- 
ous group did reach a higher level on Day 1 (although the levels reached 
did not appear to be asymptotic). The results of Day 2 might be respon- 
sible for the lack of significance. 

Thus while eyelid conditioning experiments with normal human 
subjects suggest that partial reinforcement results in a lower asymp- 
totic level of performance, it is difficult to form a general conclusion 
for the infrahumans. In general, planaria, earthworms and rats do not 
differ in acquisition level for partial and continuous reinforcement 
groups whereas mouthbreeders, pigeons, goldfish and dogs do differ. 

This box score method also suggests that rabbits show a significant dif- 
ference in acquisition. However, one study by Thomas and Wagner (1964) 
failed to find a difference on the last ten trials for groups equated 

for total number of reinforcements. Thus further investigation is neces- 
sary to determine whether or not partial reinforcement of the eyelid re- 
sponse of the rabbit results in a lower asymptotic acquisition level when 
groups are equated for total number of trials or total number of rein- 
forcements. This is supported by other infrahuman studies which equated 
reinforcements and failed to find a significant difference (for example, 


in dogs and goldfish, see Table 1). 
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Partial Reinforcement Extinction 


Effects and Overtraining 


Eyelid conditioning experiments with normal human subjects sug- 
gest that partial reinforcement results in a slower rate of extinction 
(Spence, 1966). 

| The comparative literature is again somewhat divided on whether 
or not partial reinforcement extinction effects occur, Table 1 (Appen- 
dix A). Only some of the reported partial reinforcement extinction ef- 
fects might be dismissed as involving inappropriate assessment of the 
extinction process, that is comparing extinction performances without 
adjusting for initial extinction response level (Anderson, 1963). 

Partial reinforcement extinction effects in both humans and 
infrahumans are usually explained by a generalized discrimination hy- 
pothesis, as previously described. However, because of the post hoc 
nature of this explanation, it clearly is not sufficient for predicting 
extinction performance. It is also necessary to define the conditions 
under which partial reinforcement extinction effects occur in terms 
general enough to cut across species. 

Two conditions that seem directly related to resistance to ex- 
tinction are the amount of acquisition training and the level of con- 
ditioning attained in acquisition. 

Conditioning the nictitating membrane of the rabbit, Coleman 
and Gormezano (1966) obtained a partial reinforcement extinction effect 
(.07 and .15 level of significance) when extinction was begun imme di- 
ately upon reaching performance asymptote. However it was greatly 


reduced or disappeared entirely when the continuous and partial 
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reinforcement groups received the same number of trials and hence dif- 
ferential amounts of overtraining. Coleman, Patterson and Gormezano 
(1966 in an unpublished study as reported by Coleman and Gormezano, 1966) 
failed to obtain a partial reinforcement extinction effect using the nic- 
titating membrane of the rabbit. They conditioned three groups: a con- 
tinuous reinforcement group which received 100 daily trials, a 50 per- 
cent reinforcement group which received 100 daily trials, and a 50 per- 
cent reinforcement group which received 200 daily trials. Acquisition 
training lasted for six days followed by two days of extinction train- 
ing. As all groups had attained performance levels near 100 percent 
within 400 trials, the amount of asymptotic overtraining was consider- 
able. These studies suggest that failure to find a partial reinforce- 
ment extinction effect might result from extensive overtraining. 

Using the conditioned emotional response procedure, Scheuer 
(1967) found that a 66 percent reinforced group of rats which received 
300 acquisition trials took significantly longer to extinguish than a 
group which received an additional 300 trials. She also reported a 
reversal of the partial reinforcement extinction effect when all rats 
received the same number of conditioned stimulus presentations and at- 
tained the same high performance level in acquisition. Again it appears 
as if the extent of overtraining is crucial in determining resistance 
to extinction. 

While the potential importance of other factors determining 
the partial reinforcement extinction effect occurrence is not being 
minimized, a working hypothesis to be considered in reviewing the ex- 


periments in Table 1 (Appendix A) is that those studies which fail to 
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report a partial reinforcement extinction effect are due to failure to 
approach asymptotic levels of conditioning (not sufficient conditioned 


response strength) or extensive or differential overtraining (Gormezano 
and Moore, 1969). 


Table 1 suggests: 


Planaria. Planaria do exhibit a partial reinforcement extinc- 
tion effect (Kimmel and Yaremko, 1966). By the graphed results the 


acquisition curves appear to be approaching asymptotic levels. 


Earthworms. Earthworms do exhibit a partial reinforcement ex- 
tinction effect (Wyer, Peeke and Herz, 1964). The acquisition curves, 
especially that of the 60 percent group appear to have reached asymp- 


totic levels. 


Goldfish. Goldfish have been found to exhibit a partial rein- 
forcement extinction effect in only two of the eleven experiments cited 
in Table 1. Experiment I by Gonzalez, Longo and Bitterman (1961) failed 
to find a partial reinforcement extinction effect. The discrepancy be- 
tween the endpoints in acquisition and the starting points in extinction 
make it difficult to assess whether or not asymptotic levels had been 
reached. This is complicated by the lengthening of the scoring interval 
from 4.5 to 10 seconds in extinction. Experiment II (Gonzalez et al, 
1961) also failed to find a partial reinforcement extinction effect. 

All groups received 80 reinforced trials at the beginning of acquisition 
with the result that the graphed performance measures show extensive 


overtraining. Again in Gonzalez, Milstein and Bitterman's (1962) 
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Experiment I which did not find a partial reinforcement extinction ef- 
fect all groups received 15 reinforced trials at the beginning of ac- 
quisition. The acquisition curves show that the groups appear to have 
reached asymptotic levels before the twenty-fifth trial. Experiments II 
and III (Gonzalez, Milstein and Bitterman, 1962) cannot be evaluated in 
terms of the hypothesis as conditioning and extinction periods were al- 
ternated. Geller (1964) using the conditioned emotional response pro- 
cedure in which acquisition trials continued until criterion failed to 
find a partial reinforcement extinction effect. In fact, the continu- 
ously reinforced group showed significantly more resistance to extinc- 
tion than the partially reinforced group. (Unless some crucial pro- 
cedural difference can be found between this study and the one by Brimer 
and Dockrill (1966) this study appears to suggest that regardless of 
acquisition level a partial reinforcement extinction effect cannot be 
obtained using the conditioned emotional response procedure with gold- 
fish.) The last series of experiments were conducted by Berger, Yarc- 
zower and Bitterman (1965). Experiments I and II failed to find a 
significant partial reinforcement extinction effect. The experimenters 
suggested that this might be attributable to the rather low levels of 
acquisition. Experiment III with an increased shock level also failed 
to find a partial reinforcement extinction effect. All groups received 
60 reinforced trials at the beginning of acquisition and as can be seen 
by the acquisition curves this appears to have resulted in earlier 
asymptotic performance for the continuously reinforced groups, and ob- 


scured the asymptotic performance level of the partially reinforced group. 
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Experiment IV reported a partial reinforcement extinction effect during 
four days of a sensitization procedure (consisting of six conditioned 
stimulus presentations), following six days of extinction. The partial 
reinforcement extinction effect took the form of a significant treatment 
by days by trials interaction. The last experiment, Experiment V, also 
reported a significant partial reinforcement extinction effect as evi- 
denced by significant treatments by days, treatments by trials, and days 
by trials by treatments interactions. Again, however, these appeared 
during a sensitization procedure this time begun immediately after ac- 
quisition. The effect of these interpolated unconditioned stimuli can- 


not be evaluated at present. 


Mouthbreeders. Mouthbreeders do exhibit a partial reinforcement 
extinction effect with the number of reinforcements equated (Gonzalez, 
Eskin and Bitterman, 1963). The partially reinforced groups, a 50 per- 
cent and a 62 percent group (which first received 40 continuous rein- 
forcements), appear to have reached asymptotic acquisition levels 
(especially the 62 percent group) and the continuous group appears to be 


approaching asymptote. 


Pigeons. Again it is difficult to form a conclusion for the 
pigeon. Longo, Milstein and Bitterman's (1962) Experiment I reported a 
partial reinforcement extinction effect (significant interaction) with 
the 70 percent group (which first received 70 trials of continuous re- 
inforcement) exhibiting more resistance to extinction than the continuous 
groups (one equated for number of trials, the other for number of rein- 


forcements). Although the complete acquisition curves were not given, 
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the authors stated that the curves for the continuous groups were drop- 
ping while that of the partial reinforcement group was still rising. In 
Experiment II (Longo, Milstein and Bitterman, 1962) there was no signi- 
ficant difference between the groups (equated for number of reinforce- 
ments) in extinction. From the graphed results the partially reinforced 
and continuously reinforced groups appear to have reached asymptote, 
with the partially reinforced group showing asymptotic performance very 
early in acquisition. (While the groups in Experiment II received fewer 
acquisition trials than those in Experiment 1, the unconditioned stimu- 
lus had been increased in duration and the interstimulus interval 
shortened.) Slivka and Bitterman's (1966) experiment reported a partial 
reinforcement extinction effect in the form of a groups by trials inter- 
action. The continuous and partial reinforcement groups both received 
continuous reinforcement for the first 45 trials of acquisition. The 
partial reinforcement group then received longer and longer runs of 
nonreinforced trials. This together with the fact that the unconditioned 
stimulus was food might account for the irregularity of the acquisition 
curves. It appears that under certain conditions pigeons do exhibit 


partial reinforcement extinction effects. 


Rats. Rats do exhibit partial reinforcement extinction effects 
in seven of the eight experiments cited. In terms of the hypothesis, 
two experiments by Brimer and Dockrill (1966) are difficult to assess 
as conditioned emotional response conditioning was run to criterion 
then extinction began. Perhaps, however, they provide the best evidence 


as a clear partial reinforcement extinction effect was obtained when 
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nearly complete suppression (less than .05) was reached for both groups 
equated for number of trials and number of reinforcements. For these 
experiments conditioned emotional response conditioning occurred during 
bar-pressing. Wagner, Siegel and Fein's (1967) Experiment II which 
equated number of trials found a partial reinforcement extinction ef- 
fect only when conditioned emotional response conditioning was carried 
on during bar-pressing. Hilton's (1969) Experiment I however found a 
partial reinforcement extinction effect with conditioned emotional re- 
sponse conditioning both with the bar available and when the bar was 
eliminated during conditioned emotional response conditioning. Due to 
many procedural differences it is difficult to pinpoint a reason for 

the discrepancy. Nevertheless a partial reinforcement extinction effect 
can be obtained with a bar-out procedure. In Experiment II, Hilton 
(1969) equated number of reinforcements but interpolated a block of 
nonreinforced trials of varying length (four, ten and twenty) and found 
that the twenty nonreinforced trials greatly increased the partial re- 
inforcement extinction effect (see graph). Hilton's (1969) Experiment 
III appears to bear directly on the hypothesis. A partial reinforcement 
extinction effect was obtained using a continuously reinforced group 
which received 18 trials and a partially reinforced group which re- 
ceived 32 trials, 18 of which were reinforced. When an additional 16 
reinforced trials were given at the start of acquisition all evidence 
of a partial reinforcement extinction effect disappeared (continuously 
reinforced - 34 trials; partially reinforced - 48 trials, 34 reinforced). 


Also when a continuously reinforced group received five trials and the 
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partially reinforced group four reinforced trials, followed by twenty 
nonreinforced trials and a final reinforced trial there was a reversal 
of the partial reinforcement extinction effect, with the continuously 
reinforced group showing significantly more resistance to extinction. 
However when the number of reinforced trials following the nonreinforced 
trials was increased to fourteen there was no evidence of any systematic 
difference between the partial and continuous reinforcement groups. 
These results can only suggest the importance of acquisition level as no 
information was given on acquisition curves. It was simply stated that, 
"All groups showed essentially complete suppression on the first extinc- 
tion trial . . ." (Hilton, 1969 page 258). In only one experiment did 
the rat fail to show a significant partial reinforcement extinction 
effect (Experiment 1, Wagner, Siegel and Fein, 1967). This experiment 
used the startle response and will not be evaluated. The remaining ex- 
periment by Fitzgerald, Vardaris and Brown (1966) conditioned heart rate 
deceleration. Whereas the partially reinforced group was significantly 
higher than the continuously reinforced group during extinction there 
was no performance decrement from acquisition, in fact the twenty-four 


extinction trials produced an increment in both groups. 


Rabbits. Rabbits exhibited a partial reinforcement extinction 
effect in only one of four experiments cited. Thomas and Wagner (1964) 
performed an eyelid conditioning study in which the partially reinforced 
(fifty percent) and continuously reinforced groups were equated for 
number of reinforcements (two hundred and twenty). Although the acquisi- 


tion curves were not given, from the results it appears as if both 
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groups reached asymptotic levels long before the end of acquisition. 
The mean number of trials required after the first conditioned response 
trial before attaining a criterion of eighty percent was 75.4 for the 
continuous group and 161.3 for the partial reinforcement group. The 
hypothesis under consideration would state that the extensive over- 
training resulted in failure to find a partial reinforcement extinction 
effect. Two nictitating membrane conditioning studies by Bruner (1965) 
failed to find partial reinforcement extinction effects. In Experiment 
I all groups received seven hundred acquisition trials and the graphed 
results again show that both the partially and continuously reinforced 
groups (puff only) received overtraining. Although the partially re- 
inforced group showed more resistance to extinction the difference was 
not significant. Experiment II is complicated by the fact that only 
the continuous group which had received an airpuff as the unconditioned 
stimulus received light in place of the unconditioned stimulus on all 
extinction trials. Again however the acquisition curves show extensive 
overtraining. Holmes and Gormezano (1970) conditioned jaw movement and 
reported a significant partial reinforcement extinction effect only 
when an analysis of variance was applied to the percentage of conditioned 
responses over the last block of five acquisition trials and over the 
blocks of five trials on Day 1 of extinction. This took the form of a 
group by blocks interaction. From the graphed acquisition curves it 
appears as if all groups had reached asymptotic levels. It appears as 
if a partial reinforcement extinction effect might be obtained with the 


rabbit if overtraining were avoided. 
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Dogs. Dogs do exhibit a partial reinforcement extinction 
effect in four of the seven experiments cited. The first study on 
heart rate, (Fitzgerald, Vardaris and Teyler, 1966) found a significant 
partial reinforcement extinction effect with a continuous group and a 
partial reinforcement group equated for number of reinforced trials 
(thirty). There was no significant difference between a second partial 
reinforcement group switched to continuous reinforcement and the con- 
tinuous reinforcement group in extinction. The acquisition curves sug- 
gest that after an initial drop on the second day the continuous group 
and the fifty percent group returned to asymptotic performance levels; 
the significance of this is not known. A second investigation of heart 
rate, Fitzgerald (1966) Experiment II found significantly more resis- 
tance to extinction by a partially reinforced group equated for number 
of reinforcements. The partial reinforcement extinction effect took 
the form of a groups by trials interaction. The acquisition curves sug- 
gest that the partially reinforced group appeared to have reached asymp- 
tote but this is difficult to determine for the continuously reinforced 
group. The first experiment by Fitzgerald (Experiment I, 1966) which 
equated number of trials failed to find a partial reinforcement extinc-— 
tion effect. This failure was attributed by Fitzgerald to the low level 
of conditioning in the partially reinforced group which received only 
six reinforced trials. Of the three experiments using conditioned sali- 
vation only the one with an aversive unconditioned stimulus showed a 
significant partial reinforcement extinction effect (Fitzgerald, 1963). 


The acquisition curves appeared to increase across all periods (two 
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hundred and forty trials, twelve per period, two periods per day). An 
investigation by Wagner, Siegel, Thomas and Ellison (1964) which em- 
ployed food as an unconditioned stimulus and equated for number of 
trials failed to find a significant difference between groups. How- 
ever, a significant groups by trial blocks within days interaction on 
Day 1 as well as over all days of extinction were found. Acquisition 
curves are not given, all that is said is that both groups were per- 
forming at high levels at the end of acquisition with the continuous 
group performing consistently above the partially reinforced group. An 
experiment by Sadler (1968) using the appetitively conditioned salivary 
response and equating for number of trials failed to find a significant 
partial Wtnteteehant extinction effect both between groups (100, 75 

and 50 percent) and within-subjects groups (these are groups which re- 
ceived 100 percent reinforcement after conditioned stimulus one but only 
75, 50 or zero percent after conditioned stimulus two). Acquisition 
curves (see graphs) show that for the between groups, all groups appear 
to have reached asymptotic performance levels long before the end of 
acquisition (also the level of conditioning for the fifty percent group 
appears to be very low): the same is true for the within group compari- 
son. The last study by Vardaris and Fitzgerald (1969) employing the 
eyeblink failed to find a partial reinforcement extinction effect. As 
can be seen by the graph it is difficult to assess whether or not asymp- 
totic levels had been reached due to the break in conditioning trials. 
It appears however as if there might be overtraining especially in the 


continuous group. 
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The above review has provided considerable support for the 
working hypothesis that failure to find a partial reinforcement extinc- 
tion effect is due to failure to approach asymptotic levels of condi- 
tioning (not sufficient conditioned response strength) or extensive or 
differential overtraining. As a direct test is in order, the author 
attempted to demonstrate a partial reinforcement extinction effect with 
asymptotic levels of conditioning and to show that with extensive and 
differential overtraining the partial reinforcement extinction effect 
decreased or disappeared. The addition of overtraining trials is 
thought to lead to an easier discrimination between acquisition and 
extinction or to an increased resistance to extinction of the response 
of attending to the relevant stimulus dimension (Mackintosh, 1965) 
and therefore to faster extinction. The eyelid response of the rabbit 
appears particularly appropriate due to the negative findings of Thomas 
and Wagner (1964) and the fact that the only rabbit study in which a 
partial reinforcement extinction effect has been found employed the 
appetitively conditioned jawing response (Holmes and Gormezano, 1970). 
Resistance to Extinction and 

Pattern of Nonreinforcement 

An instrumental study by Capaldi (1958) combined length of ac-— 
quisition with pattern of nonreinforcement. It showed that an alter- 
nately rewarded long acquisition group extinguished faster than an al- 
ternately rewarded short acquisition group and faster than either short 
or long randomly rewarded groups. This study supports a discrimination 
hypothesis that the easier it becomes to discriminate acquisition train- 


ing from extinction trials the more rapid will be the extinction rate. 
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In Capaldi's study the two crucial factors appear to be overtraining 
(considered in the previous section) and pattern of nonreinforcement. 
The author suggests that pattern of nonreinforcement which re- 
sults from the length of the nonreinforced trial runs and their 
stability (whether or not the runs within a training session are of the 
same length) is also a critical variable in classical conditioning. 
This does not minimize the importance of the number of runs and total 
number of trials in a classical conditioning partial reinforcement 
schedule. For example, Hilton's 1969 Experiment III found a reverse 
partial reinforcement extinction effect when a single long run of non- 
reinforced trials was followed by a single reinforced trial. This sug- 
gestion can be expanded to an hypothesis which states that at or near 
asymptotic acquisition levels, resistance to extinction will increase 
as length of the nonreinforced trial runs increase. This suggests a 
testable interaction between schedule of reinforcement and number of 
training trials such that the partial reinforcement schedule producing 
the lesser resistance to extinction following a small number of trials 
will produce the greater resistance to extinction following a larger 
number of trials. The similarity between this interaction and the con- 
tention of Grant and Schipper (1952) is obvious. They contend that the 
amount of acquisition training and level of conditioning attained are 
directly related to resistance to extinction in that the greatest re- 
sistance to extinction is obtained with intermediate to high partial 
reinforcement schedules and low partial reinforcement schedules do 
not yield enough conditioned response strength to hold up very long 


in extinction. 
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The importance of pattern of nonreinforcement has been demon- 
strated by Scheuer (1967) in a conditioned emotional response study of 
rats (similar to Hilton's 1969 Experiment III). She found a reliable 
partial reinforcement extinction effect after traditional (random?) 
partial reinforcement training and an inverse partial reinforcement ex- 
tinction effect when the partial reinforcement groups were started on 
continuous reinforcement which was gradually reduced until the appropri- 
ate partial reinforcement percentage was reached. Hilton (1969) was 
the only investigator in the survey (Table 1, Appendix A) to consider 
the relationship between the effects of partial reinforcement in clas- 
sical conditioning and comparable effects in instrumental studies. 
However, he like Scheuer used the conditioned emotional response pro- 
cedure which is possibly ‘instrumentally contaminated’. In his Experi- 
ment II, a block of nonreinforced trials (four, ten or twenty trials) 
was interpolated in the partial reinforcement groups with the result 
that the block of twenty nonreinforced trials greatly increased the 
partial reinforcement extinction effect. It is possible to argue that 
the block of nonreinforced trials merely served to decrease the percen- 
tage of reinforcement from 56 percent to 35 percent and hence increase 
resistance to extinction. However, in opposition, it could be argued 
that what accounts for the finding of increasing resistance to extinc-— 
tion as percentage of reinforcement decreases is the fact that when re- 
inforced and nonreinforced trials are assigned according to some random 
procedure, as in the traditionally trained groups of Scheuer (1967), 
the lengths of the nonreinforced trial runs tend to increase as per- 


centage of reinforcement decreases. This contention is supported in 
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the instrumental situation by a study of Capaldi and Stanley (1965). 
They found that rats trained in the runway on a 61 percent schedule 
containing longer runs of nonreinforced trials produced greater resis- 
tance to extinction than those trained on a 46 percent schedule contain- 
ing shorter runs of nonreinforced trials. 

This study attempted to test the hypothesis that a critical 
factor in partial reinforcement during classical conditioning is the 
length of the nonreinforced trial runs. That is, to test whether an 
increase in the length of the nonreinforced trial runs, holding percen- 
tage of reinforcement constant, will increase resistance to extinction: 
and whether, within limits (such as asymptotic acquisition levels) the 
length of the nonreinforced trial runs is a more critical determinant 
of resistance to extinction than percentage of reinforcement. This 
provides a classical conditioning test of two basic hypotheses of 
partial reinforcement: the common nonsequential hypothesis which states 
that resistance to extinction is regulated by the total number of non- 
reinforcements (percentage of reinforcement) regardless of their pat- 
tern or sequence; and a sequential hypothesis, as developed above, 
which states that within limits the pattern of nonreinforcement is a 
more critical determinant of resistance to extinction than percentage of 
reinforcement and when percentage of reinforcement is held constant re- 
sistance to extinction is governed by the number of nonreinforced trials 
occurring in succession. 

In summary, the above considerations led to a study of the 


classically conditioned eyelid response of the rabbit which attempted: 
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to determine whether or not partial reinforcement results in a lower 
asymptotic acquisition level when groups are equated for total number 
of trials or total number of reinforcements; to demonstrate a partial 
reinforcement extinction effect with near asymptotic levels of condi- 
tioning and to show that with extensive or differential overtraining 
the partial reinforcement extinction effect decreased or disappeared; 
and to test whether within limits the length of the nonreinforced trial 
runs is a more critical determinant of resistance to extinction than 
percentage of reinforcement. The theoretical importance of this study 


is explored later in the discussion. 
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CHAPTER IT 


METHOD 


Subjects 


The subjects were 65 naive male New Zealand white rabbits weigh- 
ing an average of 3078 gm (with a range of 3372 - 2528 gm). Each rabbit 
was individually caged with free access to food and water. Four animals 
were discarded due to illness and erratic behavior and one as a result 


of technical failure. 


Apparatus 


During the adaptation and experimental sessions, the rabbit 
was restrained in a plexiglass box whose interior measured 48 cm long, 
13 cm wide, and 14 cm high. Figure 1 shows the adjustable headstock, 
the earclip and backplate which minimized head movements. 

The two experimental chambers were sound attenuating LVE Model 
1488 test chambers measuring .81 m high, .71 m wide, and .74 m deep, 
equipped with 254 by 284.5-cm one-way observation windows. Air was 
continuously circulated by 108-cfm exhaust blowers and baffled air in- 
takes. The chambers were constantly illuminated by 25-watt house lights. 

The auditory conditioning stimulus consisted of 555 clicks per 
sec for 500 msec as shown in Figure 2 and measured 75 db at the rabbit's 
head. The conditioning stimulus was produced by modified click gener- 
ators (BRS DigiBit solid-state logic modules CL-201) delivered through 
four-ohm speakers mounted above and in front of the rabbits' heads. 


The unconditioned stimulus consisted of a minimum 4.5-ma 
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Figure 1. Adjustable restraining box 
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Figure 2. Oscillograph of tone intermittency 


ay 


electric shock (90 vdc) for 100 msec delivered by a Grass Model Sp9 
Solid-State Square Wave Stimulator. A Grass Model CCU1 Solid-State 
Constant Current Unit was used to convert the constant voltage stimu- 
lator to constant current operation. The shock was delivered to the 
rabbit via alligator clips attached to two surgical steel sutures. 

Eyelid movements were transmitted by a Giannini microtorque 
potentiometer, Model 85111 (1 K ohms, 1.5 watts), with a rotating arma- 
ture, mounted on a molded-plexiglass headset (9 cm long and 2.5 cm wide) 
strapped to the rabbit, Figure 3. A rotating-spring assembly supported 
the wiring from the restraining box to the exterior of the experimental 
chamber. 

Movements of the eyelid effected a resistance variation through 
the potentiometer which was amplified and graphically recorded on a two 
channel Brush Recorder Mark II (Model RD 2521 20). A constant 24-vdc 
current through the potentiometer was maintained by a Hewlett Packard, 
Harrison Model 6433 B dc power supply. An auxiliary bridge circuit pro- 
vided adjustment of the recording pen bias. Amplification was set at .02 
v per mm deflection of the recording pens or that necessary for an un- 
conditioned response of 15 mm. 

Conditioning stimulus duration was recorded by an event marker 
of the Brush Recorder concurrently with the eyelid responses at a paper 
speed of 125 mm per sec. 

The experimental trials were programmed with punched tape ad- 
vanced through a Computer Mechanism Corporation Tape Reader (Model 18, 


24 vdc). The stimuli were programmed using BRS 200 Series DigiBit 
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Figure 3. Isolated view of the headgear used to record 
the eyelid movements 
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solid-state logic modules. 


Procedure 

On arrival the weights of all animals were recorded. Eight days 
were allowed for handling and adaptation to the restraining box. The 
hair from the upper and lower right eyelids was removed by shaving. The 
first eight animals received .55 cc of Tarasan (chlorprothixene) sub- 
cutaneously 30 min before shaving. However, after the first group, it 
was found unnecessary to use a tranquillizer. Surgical steel sutures 
(size 000) were placed one cm apart, one cm below the center and caudal 
corner of the right eye. Further hair was removed from the upper eye- 
lid with a cream depilatory (Neet). The eyelid was then swabbed with 
a solution of boric acid. A piece of sterile cote cloth (with a 
three mm surgical thread loop) approximately four mm by one cm was fixed 
to the upper eyelid with Perma-Type surgical cement. 

For two days, one hour per day, the rabbits were placed in re- 
straining boxes in the experimental chambers. On the last day of adap- 
tation each subject was tested for responsiveness to the conditioning 
stimulus and the unconditioned stimulus. 

Before each experimental session, the rabbits were placed in 
restraining boxes in the insulated chambers. The headgear was strapped 
on, the alligator clips attached and the hook on the end of the armature 
arm was slipped through the loop of the eyelid tab as shown in Figure 4. 

A conditioning session consisted of 50 training trials with an 
average intertrial interval of 60 sec (40, 60 and 80 sec). A training 


trial consisted of conditioning stimulus presentation followed 100, 75, 
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Figure 4. 


Rabbit prepared for experimental session 
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50 or 35 percent of the time by unconditioned stimulus presentation 
with both the conditioning stimulus and the unconditioned stimulus 
terminating simultaneously (400 msec interstimulus interval). All ani- 
mals received only one conditioning session per day. Within five to 
ten minutes following the last conditioning session the conditioned 
stimulus was presented alone for 50 trials (extinction). 

A conditioned response was defined as a deflection of 10% of 
the amplitude of an unconditioned response or at least a deflection of 
one mm with a latency of 150 - 400 msec after conditioning stimulus 
presentation for conditioning trials and 150 - 500 msec for extinction 


tastailisi 


Design 

All groups except Group F (four animals) consisted of eight 
rabbits. Table 2, Appendix B, shows the order in which the subjects 
were tested. The groups' design for the conditioning sessions is il- 


lustrated in Table 3 and was as follows: 


Experiment 1. Group A received continuous reinforcement for 100 
trials. Group B received 50% reinforcement for 100 trials. The trial 
sequences for Group B, as shown in Table 3, included groups or runs of 
nonreinforced trials. The length of the runs of nonreinforced trials 
(N-length) equalled ten. Experiment 1 tested the prediction that Group 
B would show greater resistance to extinction than Group A confirming 


the partial reinforcement extinction effect. 
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Groups' Design and Trial Sequences 


for Conditioning Sessions 


ELE SS CS SRT SS SSR SCS SS RNR SN SES NEESER 


Rota 
Trials 


Experi- 
ment 


Group | Percentage 
Reinforce- 


N-length 


ment 


1 A 100% 100 on 
B 502. 100 10 
2 C 100% 200 - 
D 50% 200 10 
3 E 50% 100 5 
F 35% 100 5 
G 75% 100 5 
H 75% 100 Sele to 


R (reinforced trial) 


N (nonreinforced trial) 


Trial Sequence 


100R 


Tike LON, SR LON, OR, 
10N, 8R, 1ON, 7R, 10N, 
and 9R 


200R 


(Group B's sequence 
repeated twice) 


7R, 
6R, 
3R, 
AR, 


5R, 
LR 


SN, 
5N, 
5N, 
5N, 


SN, 
SN, 
3R, 5N, 


SR, 
SR, iN, 
4R, 5N, 
and 6R 


Z2Ry eu, 
2R, ON, 
4R, 5N, 
2R, SN, 1R, SN, 
1R, 5N, and 4R 

LOR ONGe OR Seon. LOR, 
ON, eR, ON, LER, ons 

and 14R 


TORY ONG 22oR,. LON soon y 
10N, and 20R 


5N, 4R, 
5R, 


3R, 


5N, 
SN, 
5N, 


3R, 
2R, 
2R, 
3R, 


SN, 
5N, 
5N, 
5N, 
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Experiment 2. Group C received continuous reinforcement for 
200 trials. Group D received 50% reinforcement for 200 trials, with N- 
length equalling ten. The trial sequences were the same as those in 
Experiment 1 repeated. Experiment 2 tested the prediction that the 
difference in extinction performance between Groups C and D would be 
less than that between Groups A and B showing the effect of overtrain- 


ing on the partial reinforcement extinction effect. 


Experiment 3. Groups E, F and G received 100 trials of 50%, 
35% and 75% reinforcement respectively with N-length equaling five. 
Group H received 100 trials of 75% reinforcement with N-lengths of five 
ten and ten. The trial sequences for Experiment 3 are shown in Table 
3. Experiment 3 tested the prediction that Groups E, F and G would 
show no significant difference in resistance to extinction, whereas 
Group H would show greater resistance to extinction than Groups E, F 
and G. It also tested the prediction that Group B would show greater 
resistance to extinction than Group E. These predictions reflect the 
hypothesis that within limits the critical variable is N-length not 


percentage of reinforcement. 
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CHAPTER III 
RESULTS 


In all three experiments, the performance measures for both 
acquisition and extinction are graphically illustrated and statistically 


analyzed in blocks of ten trials. 


Experiment 1 


Experiment 1 compared the acquisition levels and resistance to 
extinction of a continuously reinforced group with that of a partially 
reinforced group. 

Acquisition Level. The acquisition performance measures for 
Group A (continuous reinforcement) and Group B (50% reinforcement) are 
presented graphically in Figure 5. Analysis of variance summarized in 
Table 4 showed that the continuously reinforced group performed at a 
significantly higher level than the partially reinforced group. A two- 
tailed t test found a significant difference, t (14) = 2.29 p/<.05 be- 
tween the means of the last block of trials (Edwards, 1960). Trend 
analyses (Edwards, 1967) showed that the significant trials effect con- 
tained significant linear, quadratic, cubic and residual higher order 
components, F (1,126) = 613.39, 31.64 and 30.10 peer Ol cand F 16,3126) 
= 3.44 p <.01. Both groups thus showed an increase in average condi- 
tioned responses over the acquisition trials, with the curves exhibiting 


S-shaped functions. 


Extinction. The extinction performance measures for Groups A 
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TABLE 4 
Analysis of Variance of the Performance 


Measure for Acquisition in Experiment 1 


Source of variation Mean square 


Treatments 


Between Subjects within 
Treatments 


Trials 


Treatments by Trials 


Subjects within Treatments 
by Trials 


* k* 
p <-05 p <.-01 
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and B are presented graphically in Figure 5. Analysis of variance, 
Table 5, showed the partial reinforcement group to be more resistant to 
extinction as indicated by the significant treatments and treatments by 
trials interaction. As the mean number of responses for both groups on 
the first block of extinction trials were almost identical (Group A = 
9.25, Group B = 9.33) the difference between the two groups resulted 
from the continuously reinforced group decreasing at a faster rate. This 
is supported by the significant treatment by trials interaction. Trend 
analyses showed significant differences in the linear and quadratic 
components, F (1,56) = 26.85 and 28.86 p <.01, and significant differ- 
ences in the residual higher order components, F (2,56) = 6.53 p <.01: 
the partial reinforcement group showing a slower rate of extinction. 
Trend analyses showed the significant trials effect to be due to signi- 
ficant linear and quadratic components only, F (1,56) = 338.32 and 
1.0..0:7p._<..01.. 

Two subjects from each group were given 40 nonreinforced trials 
24 hours after extinction to check for spontaneous recovery. All sub- 
jects returned to a high level of performance for the first block of 
trials after which performance dropped off rapidly. Subjects from Group 
B gave more conditioned responses (20 and 18) than those from Group A 
Ctl and 12). 

In summary, Experiment 1 demonstrated: a significantly lower 
acquisition level for the partial reinforcement group; and greater re- 


sistance to extinction by the partial reinforcement group. 
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TABLE 5 
Analysis of Variance of the Performance 


Measure for Extinction in Experiment 1 


Source of variation Mean square 


Treatments 


Between Subjects within 
Treatments 


Trials 


Treatments by Trials 


Subjects within Treatments 
by Trials 
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Experiment 2 


Experiment 2 examined the effects of overtraining trials on 
acquisition and extinction performance. 

Acquisition Level. The only procedural difference between Ex- 
periment 1 and Experiment 2 was the addition of 100 more acquisition 
trials. To aid comparison between the two experiments, acquisition 
trials 1-100 and 101-200 were analyzed separately: and acquisition 
trials 101-200 were superimposed on trials 1-100 for Group C (continuous 
reinforcement) and Group D (50% reinforcement) in Figure 6. 

Analysis of variance for trials 1-100, Table 6, again showed 
that the continuously reinforced group performed at a significantly 
higher level than the partially reinforced group. Trend analyses showed 
that the significant trials effect contained significant linear, quad- 
ratic, cubic and residual higher order components, F (1,126) = 647.43, 
7.11 and 46.75 p <.01 and F (6,126) = 4.87 p <.01 with curves showing 
S-shaped functions for both groups. A comparison of Figures 5 and 6 
show the similarity in the performance curves for the first 100 trials 
in Experiment 1 and Experiment 2. 

The summary of the analysis of variance for trials 101-200, 
Table 7, and Figure 6 show that the addition of 100 overtraining trials 
resulted in no difference in acquisition level between Groups C and D 
for trials 101-200. The only significant effect was due to the change 
over trials. Trend analyses indicated no significant linear, quadratic 


or cubic components, F (1,126) <1, <1 and <l. 
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TABLE 6 
Analysis of Variance of the Performance 


Measure for Acquisition Trials 1-100 in Experiment 2 


Source of variation Mean square 


Treatments 


Between Subjects within 
Treatments 


Trials 


Treatments by Trials 


Subjects within Treatments 
by Trials 
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TABLE 7 
Analysis of Variance of the Performance 


Measure for Acquisition Trials 101-200 in Experiment 2 


Source of variation Mean square 


Treatments 


Between Subjects within 
Treatments 


Trials 


Treatments by Trials 


Subjects within Treatments 
by Trials 


** 
ps.Ol 


LEAF 
aitemrolse% af3 Ho Baie tecegt 


Ttentapae 51 OOS-FOT wiipaxt snes 


~ a a eee mmm ment rerenemeess Dee 


i et eb ay mn 


‘ Meupe onl 


— oc a a 


a 


ert 1" Seg 


aad 


43 


Extinction. The extinction performance measures for Groups C 
and D are presented graphically in Figure 6. Whereas an analysis of 
variance, Table 8, failed to find a significant treatments effect, as 
illustrated by the decreased difference in the curves for the two groups, 
it did find a significant treatments by trials interaction. This sug- 
gested that the change over trials was not the same for both groups. 
However, trend analyses failed to show significant differences in the 
linear or quadratic components, F (1,56) = 2.32 and 3.47 p >.05:. thus 
the rate of extinction did not differ for the two groups. Trend analyses 
of the significant trials effect showed that this was solely attributable 
to the linear component, F (1,56) = 424.83 p <.Ol. 

In summary, Experiment 2 demonstrated that the addition of 100 
overtraining trials resulted in no significant difference in asympto- 
tic acquisition levels for trials 101-200, and a lack of a significant 


treatments effect in extinction. 


Equated Reinforcements 


The acquisition and extinction performance measures for Group A 
(100% reinforcement, 100 trials) and Group D (50% reinforcement, 200 
trials) were analyzed to compare a continuously reinforced group with a 
partially reinforced group equated for number of reinforced trials. 
Analysis of variance of the reinforced trials in acquisition, Table 9, 
failed to find a significant treatments effect although a significant 
treatments by trials interaction was found. Inspection of the trial 
means showed that the partially reinforced group had reached asymptote 


after fewer reinforced trials. Analysis of variance of the extinction 


eh | | nah 


to eheviens as eec%5tW 46 ereg i? at poietic 4h: 
em ,Ineits eoadmeasys innit tegte & vet oF belts? a a sonoks 
quote aws odd wel’ aovans. sila ak sonar anon ont bah 
“ane shat .Aetd nit97 oft sintas yd esnemaaat viaoy 
-equoyg wi6d yo? saps Sto Jor enw ‘cia 
ois ab ssonseeel Eb tvaoletagie Wisk. ov nie 
zurid 20.5% my Wee bas S€.8 = (82; 2) E ea 
apeyicns boev? | .aquagg ow9 sis 20% T82RRb 200 bb 
oft¢@studit 18 aisiee aay eld tad Bbawode: ion 4 1 
-£0.> gq €8.088 = (82,4) z 286: 
00! 2o noisthbs sf% gers beveazanomeb ©. dager crates 
~olgenss 1) net 8TEEb \ eT we ab Beatin 
1dgo$3 hag 6 to Abel - _ OSA ‘lilalgeain 
saNelsane at rate 


A gvex9 101 servessa oonewso))v9q el pai — pha edegia ont i 
008 < Ipemeo tonite yaa) ¢ \quaxo ban (efetss bor smoot E008) a 
a djkw qvety a gt a VEICrer Tone ‘* eragone ot eae at5v (ateees Wi 
/akatys ere a a9 ie -_ botkups quoss béadohukde eieksiag yi 
<@ ofdat fob rteluphe, nk re banat 40, donmbray to ateyinsk its 
jnpattinatas Aguile s082%s esngaanets vosok ware 8 Sais qa batted mf 


ad eer oA? Ye norio squat pec? has votepreanh, slaes, sions 76% 
sJosqmyven bwisser ber saps Beye > | 
- "a 
Highaoroe ont te somaiasy Yo’ hes 


al , 


44 


TABLE 8 
Analysis of Variance of the Performance 


Measure for Extinction in Experiment 2 


Source of Variation 


Treatments 


Between Subjects within 
Treatments 


Trials 


Treatments by Trials 


Subjects within Treatments 
by Trials 
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TABLE 9 


Analysis of Variance of the Performance Measure for 


Reinforced Trials in Acquisition for Groups A and D 


Source of variation 


Treatments 


Between Subjects within 
Treatments 


Trials 
Treatments by Trials 


Subjects within Treatments 
by Trials 
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performance measures for Groups A and D, Table 10, showed significant 
treatments, trials, and treatments by trials effects with the partially 
reinforced group (equated for reinforcements) exhibiting greater resis- 
tance to extinction. 

In summary, partial reinforcement extinction effects have been 
demonstrated for partial reinforcement groups equated for total number 


of trials (Experiment 1) and total number of reinforcements. 


Experiment 3 


Experiment 3 examined whether within limits percentage of 
reinforcement or N-length is the critical variable in resistance to ex- 
tinction. 

Group F was composed of four subjects, each of which received 
35% reinforcement for 100 trials. As all subjects failed to condition 
(each subject gave an average of only eight conditioned responses) this 
group was discontinued. 

Acquisition Level. The acquisition performance measures for 
Group E (50% reinforcement, N-length equalling five), Group G (75% re- 
inforcement, N-length equalling five) and Group H (75% reinforcement, 
with N-lengths equal to five, ten and ten) are presented graphically in 
Figure 7. Analysis of variance, Table 11, showed no significant differ- 
ences between the treatment groups. Again a significant trials effect 
was found, with the curves showing the S-shaped functions. 

Extinction. The extinction performance measures for Groups E, 
G and H are presented graphically in Figure 7. Analysis of variance, 


Table 12, showed a significant treatments effect. Duncan's New Multiple 
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TABLE 10 
Analysis of Variance of the Performance 


Measure for Extinction for Groups A and D 


Source of variation Mean square 


Treatments 


Between Subjects within 
Treatments 


Trials 


Treatments by Trials 


Subjects within Treatments 
by Trials 
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TABLE 11 
Analysis of Variance of the Performance 


Measure for Acquisition in Experiment 3 


Source of variation Mean square 


Treatments 7 £815 


Between Subjects within 
Treatments 11.24 


Trials 330.56 


Treatments by Trials ds28 


Subjects within Treatments 
by Trials 3.34 
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TABLE 12 
Analysis of Variance of the Performance 


Measure for Extinction in Experiment 3 


Source of variation Mean square 


Treatments 


Between Subjects within 
Treatments 


Trials 


Treatments by Trials 


Subjects within Treatments 
by Trials 
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Range Test (Edwards, 1960) showed no significant difference between the 
treatment means for Groups G and E and significant differences between 
the treatment means for Groups G and H (mean difference 6.75 p <.01) 
and Groups E and H (mean difference 6.50 p <.01). That is, with N- 
length equated, a 75% partially reinforced group (Group G) did not 
differ in resistance to extinction from a 50% partially reinforced 
group (Group E). Group H served as an imperfect control. With N-lengths 
equal to five, ten and ten it was found to be significantly more resis- 
tant to extinction than partially reinforced groups (50% and 75%) with 
an N-length equalling five. Table 12 showed also significant trials ef- 
fect and a treatments by trials interaction. Trend analyses of the in- 
teraction showed significant differences in the linear, F (2,84) = 5.15 
p <.01 and deviations from linear components, F (6,84) = 2.83 p <.05 
but not in the quadratic component, F (2,84) = 2.86 p >.05. 

The importance of N-length was further illustrated by a compari- 
son of the acquisition and extinction performance measures for Group B 
(50% reinforcement, N-length equalling ten) and Group E (50% reinforce- 
ment, N-length equalling five). Analysis of variance of the acquisition 
data, Table 13, failed to find significant treatment and treatments by 
trials effects. Again the trials effect was significant. Analysis of 
variance of the extinction data, Table 14, found that Group B (N-length 
equalling ten) showed greater resistance to extinction than Group E (N- 
length equalling five) as shown by significant treatments and treatments 
by trials effects. Trend analyses showed significant differences in only 


the linear components, F (1,56) = 22.58 p <.01. A significant trials 
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TABLE 13 
Analysis of Variance of the Performance 


Measure for Acquisition for Groups B and E 


Source of variation 


Treatments 


Between Subjects within 
Treatments 


Tettailis 


Treatments by Trials 


Subjects within Treatments 
by Trials 
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TABLE 14 
Analysis of Variance of the Performance 


Measure for Extinction for Groups B and E 


Source of variation 


Treatments 


Between Subjects within 
Treatments 


Trials 


Treatments by Trials 


Subjects within Treatments 
by Trials 
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effect was again found. 

In summary, Experiment 3 and the comparison of Groups B and E 
demonstrated that: with N-length equated there was no difference in 
resistance to extinction between two partially reinforced groups which 
differed in percentage of reinforcement; and with percentage of rein- 
forcement held constant, a longer N-length led to greater resistance to 


extinction. 
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CHAPTER IV 


DISCUSSION 


Acquisition Level 


experiment 1 found a significantly lower acquisition level for 
the partial reinforcement group when acquisition consisted of 100 
trials. The addition of 100 more acquisition trials (Experiment 2) 
resulted in no difference in the final acquisition levels. This is in 
accordance with an unpublished study of the nictitating membrane re- 
sponse of the rabbit by Coleman, Patterson and Gormezano (Coleman and 
Gormezano, 1966). They found that after 300 conditioning trials both 
the partial and continuous reinforcement groups reached performance 
levels near 100 percent, whereas after 100 trials only the continuous 
group had attained this performance level. The other rabbit studies 
(Table 1, Appendix A) suggest that rabbits do show a significant dif- 
ference in acquisition level for jaw movement (Holmes and Gormezano, 
1970) and for nictitating membrane extension (Leonard and Theios, 
1967; Bruner, 1965). However, Leonard and Theios (1967) used only 100 
reinforced trials. 

When the partial and continuous reinforcement groups were 
equated for total number of reinforced trials there again was no dif- 
ference in the final acquisition level. (Interestingly enough, while 
the partial reinforcement group was slower to reach asymptote in terms 
of total number of trials, it reached asymptote after fewer reinforced 
trials.) This finding agrees with the eyelid conditioning study by 
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Thomas and Wagner (1964) which found that for partial and continuous 
reinforcement groups (equated for number of reinforcements, 220 re- 
inforced trials) there was no difference in acquisition level on the 
last ten trials. Investigations (Table 1) have shown that in general 
planaria, earthworms and rats do not differ in final acquisition level 
for partial and continuous reinforcement groups, while mouthbreeders, 
pigeons, goldfish and dogs do differ. It is interesting however that 
studies which equated for number of reinforcements in the goldfish 
(Berger, Yarczower and Bitterman, 1965 Experiment III) and the dog 
(for example, Fitzgerald 1966, Experiment I) also failed to find sig- 
nificant differences. 

Thus it appears that the question of whether partial reinforce- 
ment results merely in a slower rate of conditioning or in attainment 
of a lower asymptotic level of performance seems to have been answered 
for the classically conditioned eyelid response of the rabbit. Unlike 
investigations of eyelid conditioning with normal human subjects which 
suggest that partial reinforcement results in a lower level of per- 
formance (Ross, 1959; Runquist, 1963), partial reinforcement of the 
classically conditioned eyelid response of the rabbit resulted in no 
difference in final acquisition level provided the groups are equated 
for total number of reinforcements or given a large number of trials. 
It should be mentioned that the final acquisition level for both 
partial and continuous reinforcement groups approached 100 percent. 
This represents a possible ceiling effect for one or both groups in 


that a real difference would be difficult to detect at this level. 
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It is then suggested that many of the previous findings of 
different acquisition levels for the infrahumans in addition to per- 
haps reflecting the effects of parameters which produce low acquisi- 
tion levels could be attributed to differential reinforcement or fail- 


ure to give extensive training. 


Partial Reinforcement Extinction 


Effects and Overtraining 


Experiment 1 demonstrated greater resistance to extinction by 
a partial reinforcement group than a continuous reinforcement group 
equated for total number of trials (100 trials) confirming the partial 
reinforcement extinction effect in the rabbit with an aversively con- 
ditioned response. Previously the only other reported partial rein- 
forcement extinction effect (published finding) was the appetitively 
conditioned jawing response (Holmes and Gormezano, 1970). This was in 
the form of a treatment by blocks interaction where blocks referred 
to the last five acquisition trials and groups of five trials each on 
Day 1 of extinction. 

Experiment 2 showed that the addition of 100 more acquisition 
trials (which eliminated the difference in final acquisition levels) 
attenuated the partial reinforcement extinction effect. The only dif- 
ference in extinction performance being that due to a significant 
treatments by trials interaction, confirming the disruptive effect of 
a large amount of overtraining on the partial reinforcement extinction 
effect. 

This is in accord with the findings of Coleman and Gormezano's 


(1966) study of the nictitating membrane response of the rabbit which 
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found a borderline partial reinforcement extinction effect (.07 and 
-15 level of significance) when extinction was begun immediately upon 
the subjects reaching performance asymptote. It was greatly reduced 
or disappeared entirely when the continuous and partial reinforcement 
groups received the same number of trials and hence differential 
amounts of overtraining. The conditioned emotional response study by 
Scheuer (1967) which found that a partially reinforced group of rats 
which received 300 acquisition trials took significantly longer to ex- 
tinguish than a group which received 600 trials provides further sup- 
port. Scheuer also reported a reversal of the partial reinforcement 
extinction effect when all rats received the same number of condition- 
ing stimulus presentations and attained the same high level of per- 
formance in acquisition. Lastly, the negative findings of Thomas and 
Wagner's (1964) eyelid conditioning study and Bruner's (1965) study 

of the nictitating membrane response of the rabbit appear also to be 
due to extensive overtraining. In these studies not only did the 
groups receive large amounts of overtraining, but the partial and con- 
tinuous reinforcement groups differed considerably in the number of 
overtraining trials. This is unavoidable with equated trials since 
all studies appear to be unanimous in reporting that groups trained 
under 100 percent reinforcement exhibit faster rates of conditioning 
therefore these subjects must necessarily reach asymptotic performance 
levels sooner and necessarily receive more overtraining trials than 
their counterparts who are being trained on a 50 percent schedule. 


This is a critical difficulty in the use of the constant 
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trials method and is reduced to some extent by the use of the constant 
reinforcements method. In this study, the extinction performance of 
a partially reinforced group and a continuously reinforced group 
equated for total number of reinforcements were compared and the par- 
tial reinforcement extinction effect was still present. 

The survey of the classical conditioning literature in the 
introduction suggested that when postasymptotic training occurs the 
partial reinforcement extinction effect does not appear, while studies 
initiating extinction near the attainment of asymptotic levels fairly 
uniformly report a partial reinforcement extinction effect. Together 
with this study's direct test, this provides partial support for the 
hypothesis that failure to find a partial reinforcement extinction ef- 
fect is due to failure to approach asymptotic levels of conditioning 
(not sufficient conditioned response strength) or extensive or dif- 
ferential overtraining. 

Interestingly enough, this procedural split not only roughly 
approximates the split between those infrahuman studies which report 
partial reinforcement extinction effects and those that do not but 
also between the use of infrahuman subjects and human subjects. It 
appears that in the infrahuman studies a widely employed procedure is 
to extend training for many trials and failure to observe a partial 
reinforcement extinction effect was a frequently reported finding. On 
the other hand, human classical eyelid conditioning studies typically 
use between 60 and 100 acquisition trials and an almost uniform feature 
of these studies is that the acquisition curves for all groups par- 


ticularly those of the partial reinforcement groups are still rising 
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at the end of acquisition, thus asymptotic overtraining has been mini- 
mized. The most frequently reported result in these human studies is 
the observation of a partial reinforcement extinction effect. The 
author suggests that with human studies where the partial reinforce- 
ment extinction effect is easily obtainable acquisition levels are 
different but in infrahumans where it has been difficult to obtain a 
partial reinforcement extinction effect, typically extensive over- 
training trials have been given and terminal acquisition levels are 
similar. 

Why does overtraining lead to an attenuation or elimination 
of the partial reinforcement extinction effect? 

An expectancy interpretation of the partial reinforcement ex- 
tinction effect would suggest that the subject responds because he 
expects (learns to expect) reinforcement to occur. During extinction 
after 100 percent reinforcement, the response drops out quickly because 
the shift from 100 to zero percent reinforcement leads to a rapid change 
in expectation of reinforcement. However the partially reinforced sub- 
ject continues to expect reinforcement to occur during extinction so 
he continues to respond. It is difficult to see how overtraining would 
lead to a change in expectation and thus a change in performance for 
either group. The expectancy hypothesis has often been dismissed on 
the basis that, as many have indicated, the term expectancy ‘is cir- 
cular based on the type of behavior it is trying to explain rather 
than on explicitly stated principles' (Jenkins and Stanley, 1950 page 


228). However the expectancy hypothesis could also be interpreted in 
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terms of the perception of relationships among stimuli, the condi- 
tioning stimulus gaining the ability to initiate the sensory conse- 
quences that are characteristic of the unconditioned stimulus. Re- 
gardless of interpretation, the expectancy hypothesis does not explain 
the results of overtraining. 

In the introduction it was suggested that overtraining trials 
could lead to an easier discrimination between acquisition and extinc- 
tion or to an increased resistance to extinction of the response of 
attending to the relevant stimulus dimension (Mackintosh, 1965) and 
therefore to faster extinction. These possibilities warrant further 
consideration. 

A straight stimulus-response learning theory interpretation 
that reinforcement strengthens a response and nonreinforcement weakens 
it, would predict a weaker response with partial reinforcement than 
with continuous reinforcement in both acquisition and extinction. 

With the addition of the principle of generalization (the more similar 
the stimulus pattern to the one conditioned, the greater the response 
strength) it is easier to account for the facts if overtraining leads 
to an easier discrimination between acquisition and extinction. That 
is, in the case of continuous reinforcement the difference between 
acquisition and extinction is an easily learned discrimination because 
of the gross dissimilarity between the two situations. However, in 
the case of partial reinforcement the discrimination is difficult be- 
cause conditioning and extinction are similar in that both involve 


nonreinforcement. If the function of acquisition trials is, as far 
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as resistance to extinction is concerned, to establish a stable stimu- 
lus pattern (a sequence of reinforced and nonreinforced trials) then 
in the case of partial reinforcement the more training trials the more 
stable the pattern. When extinction begins the stimulus change will 
be greater and therefore resistance to extinction will be less. This 
is supported by the finding in Experiment 2 that with the addition of 
overtraining trials the partial reinforcement group showed a decrease 
in resistance to extinction. Further support for this position is 
provided by Capaldi's (1958) instrumental study (previously discussed) 
which found that the more acquisition trials the faster the extinction 
for partial reinforcement groups. 

The attention hypothesis (Mackintosh, 1965) states that over- 
training leads to increased resistance to extinction of the response 
of attending to the relevant stimulus dimension and therefore to faster 
extinction. Although not normal procedure a comparison was made be- 
tween the extinction performance measures for the groups in Experiment 
1 and Experiment 2, It indicated that the addition of 100 trials 
resulted not only in a significant decrease in resistance to extinction 
for the partial reinforcement group but also a significant increase for 
the continuous reinforcement group. The attention hypothesis also sug- 
gests that asymptotic training results in faster extinction of the at- 
tending response and to attention to other stimulus dimensions before 
attention to the relevant stimulus dimension reoccurs. This theory 
proposes that the response decrement accompanying repeated nonrein- 


forcement is due to a progressive change in the stimulus complex. It 
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is interesting to note here that the four subjects who received spon- 
taneous recovery trials twenty-four hours after extinction began re- 
sponding at a high level but their performances dropped off very rapidly. 
Perhaps this is an example of the time required for attention to returm 
to the relevant stimulus dimension. 

If discrimination or attention to the relevant stimulus dimen- 
sion is a possible explanation of the effect of overtraining on the 
partial reinforcement extinction effect, a major task remains for the 
theorist. It must be determined what variables are responsible for the 
similarity between acquisition and extinction and hence resistance to 
extinction. 

Resistance to Extinction and 
Pattern of Nonreinforcement 

Experiment 3 provided a classical conditioning test of two basic 
hypotheses of partial reinforcement, the common nonsequential hypothesis 
which states that resistance to extinction is regulated by the total 
number of nonreinforcements (percentage of reinforcement) regardless of 
their pattern or sequence and a sequential hypothesis which states that 
within limits (such as asymptotic acquisition levels) the pattern of 
nonreinforcement is a more critical determinant of resistance to extinc- 
tion than percentage of reinforcement. 

Since manipulation of nonsequential variables usually will also 
affect sequential variables such as the length of the nonreinforced 
trial runs and the number of nonreinforced trial runs, the sequential 
variables may be responsible for the magnitude of the partial reinforce- 


ment extinction effect when percentage of reinforcement is varied. For 
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example, the smaller the percentage of reinforcement the more likely 

the schedule will include longer runs of nonreinforced trials. There- 
fore specific comparisons were made when the empirically determined in- 
verse relationship between percentage of reinforcement and resistance 

to extinction would yield predictions contrary to those provided by 

a sequential hypothesis which states that pattern of nonreinforcement is 
a more critical determinant of resistance to extinction than percentage 
of reinforcement. 

It should be mentioned here that in this study the lengths of 
nonreinforced trial runs were kept constant for a group and the length 
of a run could equal as much as ten trials. This procedure is not 
typical of traditional partial reinforcement schedules. In these 
schedules often referred to as random the lengths of the runs of 
nonreinforced trials are varied and long runs of nonreinforced trials 
are unusual in that many experimenters eliminate them. 

The first prediction involved groups in which percentage of 
reinforcement was held constant and the lengths of the runs of non- 
reinforced trials varied. A comparison of Group B (50 percent rein- 
forcement, with the length of the runs of nonreinforced trials equal to 
ten) and Group E (50 percent reinforcement, with the length of the runs 
of nonreinforced trials equal to five) showed Group B to be more re- 
sistant to extinction. 

The second prediction involved groups in which the length of 
the runs of nonreinforced trials was held constant and percentage of 


reinforcement varied. A comparison of Group E (50 percent reinforcement, 
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with the length of the runs of nonreinforced trials equal to five) and 
Gan G (75 percent reinforcement, with the length of the runs of non- 
reinforced trials equal to five) showed no significant difference in 
resistance to extinction. 

The third prediction involved groups paired in such a way that 
the larger percentage of reinforcement was combined with the longer 
run of nonreinforced trials. A comparison of Group H (75 percent rein- 
forcement, with the lengths of the runs of nonreinforced trials equal- 
ling five, ten and ten), Group E (50 percent reinforcement, with the 
length of the runs of nonreinforced trials equal to five) and Group G 
(75 percent reinforcement, with the length of the runs of nonreinforced 
trials equal to five) showed Group H to be more resistant to extinction 
than either Group E or Group G. 

The results of these comparisons suggest the conclusion that 
within limits (asymptotic acquisition levels) pattern of nonreinforce- 
ment is a more critical determinant of resistance to extinction than 
percentage of reinforcement and at or near asymptotic acquisition 
levels resistance to extinction increases as the length of the runs of 
nonreinforced trials increases. 

How does the pattern of nonreinforcement determine resistance 
to extinction? 

The attention hypothesis or the discrimination hypothesis 
which state that resistance to extinction is a function of the simi- 
larity of acquisition to extinction appear to be able to explain the 
findings in this study. However these theories do not specifically 


state what determines similarity. For example, in this experiment the 
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theories could argue that as the length of the runs of nonreinforced 
trials increases the similarity of acquisition and extinction increases 
therefore resistance to extinction will be greater. However, using 

the same reasoning these theories fail to account for Grant, Riopelle 
and Hake's (1950) finding in an eyelid conditioning study that single 
alternation of reinforcement did not result in more rapid extinction 
than random reinforcement. 

The basic principle of aftereffects theories of partial re- 
inforcement suggests that cues produced by a nonreinforced trial are 
assumed to be active on the next trial. If that trial is a reinforced 
trial these cues are conditioned to the unconditioned response. When 
the same cues of nonreinforcement occur in extinction they continue to 
elicit the conditioned response. One way for the cues of nonreinforce- 
ment to be present on a subsequent trial is if the response to nonrein- 
forcement is conditioned to stimuli present within the same trial and 
reoccurs on the next trial as a fractional conditioned response. 

If an aftereffects interpretation of partial reinforcement is 
correct, simply alternating single reinforced trials with nonreinforced 
trials should result in the greatest resistance to extinction because 
alternation maximizes the number of times nonreinforcement follows re- 
inforcement. However while Grant, Riopelle and Hake (1950) did find 
that random reinforcement resulted in a greater decrement than single 
alternation the decrement for the random group was also greater than 
that for the continuous group. Following this line of reasoning for 


this experiment, Group E (50 percent reinforcement, with the length of 
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the runs of nonreinforced trials equal to five) in which nonreinforce- 
ment followed reinforcement ten times (see Table 3) and Group G (75 
percent reinforcement, with the length of the runs of nonreinforced 
trials equal to five) in which nonreinforcement followed reinforcement 
five times should be more resistant to extinction than Group H (75 per- 
cent reinforcement, with the lengths of the runs of nonreinforced 
trials equal to five, ten and ten) in which nonreinforcement followed 
reinforcement only three times. The results however showed Group H to 
be more resistant to extinction than either Group E or Group G which 
did not differ in resistance to extinction. Clearly an aftereffects 
interpretation which attributes the results to the effects of discrete 
trials cannot explain the results of this study. 

The idea of viewing partial reinforcement as the number of 
times nonreinforcement follows reinforcement can be further extended to 
conceptualizing partial reinforcement as successive acquisitions and 
extinctions. Generally the main difference between partial reinforce- 
ment and successive acquisitions and extinctions is in the lengths of 
the sequences of reinforced and nonreinforced trials. This concept has 
been used extensively in instrumental conditioning in which the finding 
is decreased resistance to extinction with successive extinctions 
especially if they are longer (Lewis, 1960). However, Experiment 3 
found the exact opposite. With an increase in the length of the non- 
reinforced trial runs resistance to extinction increased. Therefore it 
does not seem profitable in this study to equate the pattern of non- 


reinforcement with successive acquisitions and extinctions. 
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Capaldi's sequential hypothesis of instrumental conditioning 
(Capaldi, 1967) also incorporates the idea that responses to nonrein- 
forcement may be conditioned to stimuli present within the same trial 
and reoccur on the next trial as a fractional conditioned response. 
This idea appears particularly applicable to this study as it minimizes 
the effects of percentage of reinforcement on resistance to extinction 
and stresses the importance of sequential variables. However, what 
is more pertinent at this point is that Capaldi's hypothesis also as- 
sumes that aftereffects of nonreinforced and reinforced trials serve 
as differential conditioning stimuli such that subjects will eventually 
reveal differential conditioning in acquisition by responding more on 
reinforced than on nonreinforced trials. 

To test this assumption several classical conditioning experi- 
ments, experiments on serial patterning, can be examined. Leonard and 
Theios (1967) investigated single alternation patterning behavior for 
the classically conditioned nictitating membrane response of rabbits. 
They found no tendency for the rabbits to make fewer or smaller condi- 
tioned responses on test trials when training was continued for 1000 
trials. Holmes and Gormezano (1970) found that a single alternation 
group failed to reveal differential responding across acquisition ses- 
sions (the rabbits received thirty trials per day for eight days) but 
did exhibit a within sessions effect. This was characterized in the 
early trials by higher response probabilities on nonreinforced trials 
than on reinforced trials and by a reversal to lower response probabili- 
ties on nonreinforced trials than on reinforced trials toward the end of 


a session. From these findings together with a quick scanning of the 
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acquisition performance of the rabbits in this study it appears as if 
rabbits are not capable of acquisition performance consistent with 
theoretical interpretations of partial reinforcement extinction effects 
which imply differential responding. 

Another model (Wagner and Rescorla, 1972) also predicts incre- 
ments and decrements in associative strength during acquisition depending 
upon the sequence of reinforced and nonreinforced trials. However it 
does not predict the occurrence of the partial reinforcement extinction 
effect nor the present finding of the effects of acquisition patterning 
on extinction performance. Perhaps cognitive factors (Spence, 1966) are 
also important in the extinction of the eyeblink response in the rabbit. 

It appears as if the existing theories of partial reinforcement 
cannot explain the results of these studies. Most have not addressed 
themselves to the above considerations of acquisition level, overtraining 
and pattern of nonreinforcement nor are they stated specifically enough 
in most cases to allow predictions to be made. Clearly a theoretical 
explanation of partial reinforcement extinction effects should consider 
the importance of acquisition level, the detrimental effects of over- 
training and the influence of the length of the runs of nonreinforced 
trials on resistance to extinction while at the same time accounting for 


the failure of the rabbit to exhibit patterning behavior in acquisition. 
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APPENDIX A 


TABLE 1 


Classical Conditioning Studies of Partial Reinforcement in Infrahumans 


This table supplements the description of the studies in the 
text and should be read with the text. 

Column 1 contains the species used, the author of the study and 
the date, the response measured and the measurement used. 

Column 2 reports the groups tested along with the total number 
of animals tested. 

Column 3 lists the conditioning stimulus, the unconditioned 
stimulus and the interstimulus interval used. 

Columns 4 and 5 contain the number of acquisition and extinc- 
tion trials respectively together with any additional information on 
the groups or procedure. 

Column 6 reports whether or not a significant difference was 
found in acquisition level between the continuous and partial reinforce- 
ment groups. 

Column 7 reports whether or not significant differences were 
found in extinction between the continuous and partial reinforcement 
groups. 


Abbreviations used: 


CS - conditioning stimulus R — random 

US - unconditioned stimulus SA - single alternation 
ISI - interstimulus interval Ss -— subjects 

C - continuous reinforcement group CR - conditioned response 
P - partial reinforcement group ITI - intertrial interval 


CER - conditioned emotional response 
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APPENDIX B 


TABLE 2 


Assignment to Experimental Groups 


Experimental Group 


* 
Testing Groups | A B C D E F G H 


subjects 


x 
This represents the order in which subjects were tested. 
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